). Considering land recession will bring about serious effects, decision makers shall implement effective policies in advance to combat various ramifications caused by land decreasing.
Introduction
The Yellow River of China, or Huang He, is the third-longest river in Asia at an estimated length of 5,464 km. Originating from the Bayan Har Mountains in Qinghai province of western China, it flows eastwards through nine provinces, emptying into the Bohai Sea of China. As the first highest sediment loaded river in China (Milliman & Meade, 1983) , the Yellow River carries billion tons of mud and sand per year to its lower reaches, elevating the river bed, and extend the area of Yellow River Delta (YRD) significantly since 1855, makes it the sole "growing land in China" (http://earthobservatory.nasa.gov/Features/WorldOfChange/yellow_river.php). Recently, the YRD has undergone rapid economic development and is considered one of the key regions in China's future economy (Wang et al., 2012) . Accurate mapping and detecting change of YRD is of great importance in biodiversity protecting and socio-economy development. From the year of 1950, dams and reservoirs along the Yellow River together with the soil and water conservation policies implemented in the upper and middle reaches gradually retain most of its sediments. As previous studies reported, the annual average sediment discharge of Yellow River during 1950-1968 was 12.26×10 t (Peng et al., 2010) , one eighth of that during 1950-1968. The riverine sediment supply has been reduced, and global sea level is rising (Wonsuck, 2012) , commonly leading to prominent physical, ecological and geomorphological effects on YRD (Wang et al., 2007) . Whether the Yellow River is still building land becomes a topic of public concern. Since 1970s, the increasing availability of remote sensing images with appropriate spatial and temporal resolution facilitates the monitoring and understanding of land cover change from regional to global scales, various institutes studied the yellow river using RS imagery as the main data source (Ottinger et al., 2013; Ye et al., 2004) . The focus of this study is to analyze changes in the natural environment of YRD in context of the mouth channel change and socio-economic developments. To investigate the mouth channel change of the Yellow River since 1855, we collected historical data on mouth channel changes; to evaluate dynamic changes in YRD, we combined remote sensing imagery during 2006-2013, and we applied remote sensing analysis together with GIS spatial analysis tools to explore changes in the deltaic environment. The utilization of spatial analysis can enhance the understanding of recent land cover processes in YRD.
Study area
Since 1855, the Yellow River changed the trajectory of its lower reaches into the Bohai Sea. Until now the entire drainage basin covers an area of more than 750,000 km 2 (Wang et al., 2007) . In this paper, we selected Dongying city as the case study area to detect and monitor the dynamic change of YRD. Dongying city is a prefecture-level city lying on the northern coast (Bohai Sea) of Shandong province China (Figure 1 ). According to the 2014 census results, there were 2,035,338 people resided within its administrative area of 7,923.26 km 2 . Dongying city is home of the Shengli Oilfield, which is the second largest oilfield in China, a large part of the city's economy revolves around petroleum (https://en.wikipedia.org/wiki/Dongying). In addition, Dongying city contributes large amounts of farmed aquaculture products (Chang & Chen, 2008) , which has become the fastest growing subsector within the agricultural economy in China over the past two decades (Liu, 2008) . 
Data and methods
Historical information obtained from the library of Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, together with statistics data were collected to study the change pattern of mouth channel since 1855. Meanwhile, the YRD outlines along the coastal zone were delineated by visual interpretation of Landsat images obtained on the similar date of 2006, 2009 and 2013 (Table 1) . These three images were downloaded from the United States Geological Survey (USGS, http://glovis.usgs.gov). In addition to the main data source, high-resolution image obtained from Google Earth ® and statistics information were collected to better detecting the change dynamics of YRD. 
21218/2 MSAVINIRNIRNIRR =+-+--
Where NIR is the infrared band of Landsat image, and R represents the red band. The calculation of MASVI can be operated using band math function in ENVI 5.1 software.
Mouth channel migration since 1855
Since the Yellow River changed trajectory of its lower reaches into Bohai Sea in 1855, its mouth channel has had migrated ten times (Figure 2 
Area change of the Yellow River Delta during 2006-2013
As shown in Section 4, due to the south-north migration courses, the profile of YRD remained a fanshaped area during 1855-1979. After 1979, due to various causes, e.g. the construction of reservoirs and conservation policies implement, the volume of sediment discharge sharped down significantly, the mouth channel remains relatively stable, and area of the Yellow River built began to extend eastward into the sea, forming a coracoid-shaped alluvial area. Comparison of the three Landsat image found that the coastal line change was mainly concentrated on the east part of the coastal zone. According to the auxiliary data, due to the constructions of dykes to protect (I) Dongying Harbor facility region, (II) marine aquaculture zones, and (III) Shengli oil field, area of these coastal regions remains almost unchanged; the only region for the Yellow River to rebuild is the estuary region, which is labeled Region IV in Figure 3 . Hence, the estuary regions were identified from 2006, 2009 and 2013 images and outlines of this region were depicted and shown in Figure 4 . Due to the estuary migrating northeastward, the sediment discharge showed an evident negative mass balance, the area of this part reduced significantly. In contrast, the north part of estuary region displayed significant sediment accumulation as the mouth of Yellow River migrat- 
Conclusion and discussion
With the aid of remote sensing imagery and RS/GIS analysis methods, land cover change can be identified and monitored more easily and efficiently. During the investigated period during 1855-2013 and 2006-2013, the Yellow River Delta experienced immense changes. The results of the statistics data and spatial analysis on Landsat TM data demonstrated two obvious characteristics: -Since the Yellow River changed trajectory into Bohai Sea in 1855, its mouth channel has had migrated ten times: Before 1976, the Yellow River experienced a course of migrating from north to south and back to north part of YRD; after 1976, the mouth channel remained in relative steady state.
-Results from RS images and spatial analysis found that the area of YRD decreased 86.25 km 2 (18.54%) compared to that in 2006, the area of YRD is turning to recession. Furthermore, since this study presented a view converse to the conventional notion that "the YRD is still growing", more data and images were recommended for more detailed investigation. However, considering land erosion will bring about various ramifications such as sea water intrusion and soil salinization (Renaud & Kuenzer, 2012) , which may in turn affect the natural resources and local population will have to adapt to the new circumstances , decision makers shall implement efficient and effective measures to combat land decreasing.
